Abstract. Anaplastic lymphoma kinase (ALK)-positive large B-cell lymphoma (LBCL) is a rare lymphoma subtype. The present study investigated a refractory nodal ALK-positive LBCL case in a 28-year-old Chinese male. It was initially misdiagnosed as ALK-positive anaplastic large cell lymphoma; however, the patient's lesions relapsed and spread widely following a short remission for chemotherapy and the patient succumbed to the disease 3 months' post-autologous stem cell transplantation; thus, a revision was performed. Histologically, the tumor cells exhibited a characteristic immunoblastic morphology with marked cellular pleomorphism. All lesions shared the same immunoprofiles, including granular cytoplasmic ALK staining patterns and a lack of cell lineage-associated markers, with the exception of cluster of differentiation (CD)45 and CD4. CD30 expression was revealed to be negative and CD138 staining was observed to be positive, additionally, cytokeratin was expressed aberrantly in a relapsed tumor biopsy. Fluorescence in situ hybridization studies demonstrated breakage and extra copies of the ALK gene in ≥30% of cells. Final clarification was provided by the detection of immunoglobulin κ locus (IGK) gene rearrangement in clonality studies [but notimmunoglobulin heavy locus (IGH) and immunoglobulin λ locus (IGL) genes]. This aggressive entity requires distinct modalities of standard treatment, and may be ignored owing to its rarity in routine pathology laboratories. BIOMED-2 polymerase chain reaction assays, including for IGH, IGK and IGL genes, are essential for the detection of gene rearrangement.
Introduction
Anaplastic lymphoma kinase (ALK)-positive large B-cell lymphoma (LBCL) is a rare variant of diffuse large B-cell lymphoma (DLBCL) with an incidence of ≥1% of DLBCL (1). It was originally described by Delsol et al (2) in 1997, and only <60 cases have been identified to date (3) (4) (5) . It is charac terized by a sinusoidal growth pattern and was composed of a monomorphic population of large immunoblast-like or plasmablast-like cells, marked ALK/epithelial membrane antigen (EMA) protein expression, lack of CD20 expression and an aggressive clinical course (3) . Despite this subtype of lymphoma being recognized in the 2008 World Health Organization classi fication (1) , its identification in routine pathology laboratories remains challenging, particularly in differential diagnosis among ALK-positive ALCL of null cell lineage and poorly differentiated anaplastic carcinoma (1) . Recognition of this variant of DLBCL is important as the conventional therapy used for typical DLBCL is of limited efficacy in this disease phenotype. Novel front-line intensive chemotherapy regimens should be evaluated in this group of patients.
Cluster of differentiation (CD)4 is normally a T helper cell-associated antigen, which is expressed in mature T-cell and natural killer cell lymphomas (1) , but it has also been observed in certain ALK-positive LBCL cases (3) . Pan-cytokeratin (CK) is a useful biomarker for epithelial cells, which has been observed in certain lymphomas, including ALK-positive LBCLs (3, (6) (7) (8) , and this may result in misdiagnosis. In the present study, a relapsed case of ALK-positive LBCL with unusual expression levels of CD4 and CK were observed, which appeared positive in the relapsed lesion. 
Case report

Histological and immunohistochemical (IHC) results.
Paraffin-embedded samples from the two excisions and the final core biopsies were obtained and cut into 5-µm thick sections, then deparaffinized in xylene and rehydrated. The routine hematoxylin and eosin stains were then carried out for histological review under light microscope (Olympus X51; Olympus, Watford, UK), lymph node demonstrated a complete effacement of the normal structure by the diffuse proliferation of large neoplastic cells. Tumor cells proliferated in sheets and infiltrated sinuses ( The primary antibodies applied in the biopsies were as following: CD20 (cat. no., GA60461-2; dilution, 1:100; Dako; Agilent Technologies, Santa Clara, CA, USA,), Bcl-6 (cat. no., IS62530-2; dilution, 1:100; Dako; Agilent Technologies), MUM-1 melanoma-associated antigen (mutated) 1 (cat. no., M725929-2; dilution, 1:100; Dako; Agilent Technologies), and CD10 (cat. no., CD10-270-L-CE; dilution, 1:50; Novocastra, Leica Biosystems, UK) was performed. CD30(cat. no., CD30-591-L-CE; dilution, 1:50; Novocastra), CD15(cat. no., IR06261-2; dilution, 1:100; Dako; Agilent Technologies), EMA (cat. no., M061329-2; dilution, 1:100; Dako; Agilent Technologies), ALK-1(cat. no., IR64161-2; dilution, 1:50; Dako; Agilent Technologies), CD45(cat. no., GA75161-2; dilution, 1:100; Dako; Agilent Technologies), CD43(cat. no., GA63661-2; dilution, 1:100; Dako; Agilent Technologies), CD3(cat. no., CD3-565-L-CE; dilution, 1:100; Novocastra), CD4(cat. no., IS64930-2, dilution, 1:100, Dako, Agilent Technologies), paired box 5/PAX5(cat. no., PA1-109, dilution, 1:100, Thermo Fisher, Rockford, USA), Ki67(cat. no., GA62661-2; dilution, 1:100; Dako; Agilent Technologies), B-cell lymphoma 2/bcl2 (cat. no., M088729-2; dilution, 1:50; Dako; Agilent Technologies), CK (ca. no., M351501-2; dilution, 1:100; Dako; Agilent Technologies) and cam5.2 (cat. no., 349205; dilution, 1:100; BD Biosciences, San Jose, CA, USA); and CD138 (cat. no., GA64261-2; dilution, 1:100; Dako; Agilent Technologies) and CD79a (cat. no., M705029-2; dilution, 1:100; Dako; Agilent Technologies) were added during the revision. The results of IHC analysis revealed that almost all the large neoplastic cells were markedly positive for CD45, CD138 and EMA (Fig. 1C-E) . ALK-1 staining was markedly positive in neoplastic cells with a granular cytoplasmic pattern (Fig. 1F) and MUM1 was expressed partially in tumor cells. Immunostaining of Ki67 demonstrated a proliferation index of ~45%. Neoplastic cells were negative for CD43 (Fig. 1G), CD30 (Fig. 1H) , CD20, CD79a, CD15, PAX5 and CD3 in the patient's malignancies. Subsets of neoplastic cells were positive for CD4 (Fig. 1I) . CK (Fig. 1J) was negative in excision biopsies, but was moderately positive in the needle biopsy.
Epstein-Barr virus (EBV) in situ hybridization.
Tissue sections were hybridized as described (9) with a biotin-labeled nucleic acid probe (Pan Path, Budel, The Netherlands) to determine the existence of EBV. Specimens with EBER nuclear expression would indicate latent EBV infection by the presence of RNA which was complementary to EBV. However, no EBV infection was detected by in situ hybridization in the present case.
Fluorescence in situ hybridization (FISH).
Interphase FISH analysis was performed during the needle biopsy using the VysisLSI ALK Dual Color Break Apart Rearrangement Probe (Abbott Pharmaceutical Co., Ltd., Lake Bluff, IL, USA), which contains loci flanking the typical ALK gene breakpoint at 2p23.3 in order to detect suspected ALK gene rearrangement. The FISH slides were reviewed and under a fluorescence microscope (BX60, Olympus), and images were captured via camera and molecular genetics software (Cytovision Genus v7.1; Leica Microsystems, Ltd, Milton Keynes, UK). The break-apart pattern is a fusion signal (native ALK) and became two separated signals (one orange and one green). The distance between two separated signals was estimated using at least twice the largest signal size and positive cases were defined as ≥15 cells with a break-apart pattern in 100 tumor cells. ALK gene translocation in this case was demonstrated as positive, with 1 or 2 extra copies of ALK gene presented (Fig. 2) in ≥30% of cells.
Clonality studies. The polymerase chain reaction (PCR) was performed using a multiplex PCR of European BIOMED-2 assays (Yuanqi Bio, Shanghai, China). Primers for detecting clonally rearranged immunoglobulin (Ig) were set in 8 multiplex PCR tubes: A total of 5 Ig heavy locus (IGH; including3 variable-joining domains and 2diversity-joining domains), 2 Ig κ locus (IGK) and 1 Ig λ locus (IGL). T-cell receptor (TCR) gene rearrangement was performed using primers in 6 multiplex PCR tubes: A total of 3 TCRβ, 2 TCRγ and 1 TCRδ. The clonal rearrangement was detected only in the A tube of the IGK gene (Fig. 3) . No IGH, IGL or TCR gene rearrangements were detected. 
Discussion
The results of the present relapsed case tumor morphology and immunophenotype investigations from the routine pathological department led to differential diagnoses of hematopoietic and non-hematopoietic neoplasms, in particular ALK positive-ALCL and metastatic carcinoma. First, CK expression may mislead to a poorly differentiated carcinoma, but marked expression of CD45 (LCA) would easily exclude this misdiagnosis. Secondly, the IHC results demonstrated that tumor cells were positive for ALK-1 and EMA, but negative for commonly used T-and B-cell markers (CD20, CD79a, CD3 and CD43), with the exception of a low expression level of CD4, which is generally considered a T helper cell marker and is normally expressed in ALCL. Thus, the diagnosis of ALK-positive ALCL of null cell lineage was suggested to be the most suitable, although CD30 staining was repeated twice and revealed negative results at the beginning.
The initial misdiagnosis of the present study may also be attributed to not identifying the ALK-positive LBCL entity owing to its rarity. Further plasma cell differentiated markers and clonality studies for T-or B-cell origin would be useful to confirm a correct diagnosis. The additional IHC staining for CD138 was positive, which was consistent with the reported positive ratio of CD138, EMA, CD20 and CD79a in ALK-positive LBCL, which were 100,97.6, 11 and 18%, respectively (5) . Expression of the T-cell marker CD4 was identified in between 37.8 and 40% of ALK-positive LBCL cases (3, 5) , which may be the reason for the confusion over the origin of the tumor cell. The final definite diagnosis of the present case was based on the clonality analysis. However, as indicated in a previous study, PCR clonal analyses for IGH were identified in a majority of patients demonstrating rearrangement genes (5), but there was also a similar case reported by with rearrangement if IGH genes were solely detected (10), thus making it more difficult to reach a precise diagnosis, particularly in demonstrating no T-nor B-cell immunophenotypes. Thus, the BIOMED-2 PCR assays for IGK and IGL gene rearrangements are essential for B-cell clonality analysis in this subtype of lymphoma, and a previous study also revealed IGK gene rearrangements (10); however, there appeared to be no IGL gene rearrangements reported in the ALK-positive LBCL cases.
The majority of the ALK fusion protein in ALK-positive LBCL came from cytogenetic fusion of the ALK gene at chromosome 2p23 and clathrin heavy-chain (CLTC) gene at chromosome 17q23 (1,3) . The nucleophosmin gene at chromosome5q35 was the most common partner observed in ALK positive ALCL (7, (11) (12) (13) (14) (15) (16) . The granular cytoplasmic ALK staining pattern demonstrated in the present case was similar to the correlation with the CLTC-ALK fusion observed in a previous study by Gascoyne et al (17) and De Paepe et al (18) in 2003.The present case also exhibited one or two extra ALK copies demonstrating the high genetic instability detected using FISH, which is characteristic of ALK-positive LBCLs (16) . However, ALK protein expression and genomic alteration was not useful for the differential diagnosis between ALK positive ALCL and ALK positive LBCL.
To the best of our knowledge, CK expression has been identified in <5 ALK positive LBCL cases previously (5,8), whereas CD4 expressed has been observed in >5 previous ALK positive LBCL cases. The aberrant expression levels of CK and CD4 in ALK-positive LBCL are rare. Only the final relapsed malignancy in the present case was positive for CK. It was previously reported that CLTC was located at chromosomal locus 17q23 and a cluster of human keratin-associated protein genes were revealed to be embedded at chromosomal locus 17q12-21 (19) , which is in proximity to CLTC. This suggested that the translocation and instability of the CLTC gene may induce an incidental activation of the keratin-associated gene and CK expression. Further investigation of this is required.
The recognition of ALK-positive DLBCL is also clinically important as the majority of patients follow a more aggressive disease course and unfavorable prognosis (3). ALK-positive LBCLs are unlikely to respond favorably to the current standard CHOP therapy for ALCL. They require distinct modalities of treatment and candidates for novel treatment approaches, with or without autologous stem cell transplantation; novel biological agents including anti-CD138 or anti-ALK monoclonal antibodies or other immune conjugates (20, 21) may provide future treatment strategies. The aggressive clinical course of the present case further confirmed the diagnosis of ALK-positive LBCL, an aggressive form of DLBCL with ectopic ALK expression due to CLTC-ALK gene fusion (3).
In conclusion, ALK-positive large B-cell lymphoma expressed cluster of differentiation 4 and cytokeratin are extremely rare and easily be misdiagnosed, thus standardized-BIOMED-2 PCR assays that encompass the IGH, IGL and, particularly, IGK gene rearrangements are essential in B-cell gene clonality analysis for this subtype of lymphoma.
